Analysis of genetic structure of Silesian horses from Książ National Stud. The aim of the study was to analyze the genetic composition of Silesian horses bred in Książ National Stud basing on their pedigrees and to try to answer the following question: is the subdivision of Silesian horse population really necessary to prevent local horse breed? As the material 72 pedigrees of brood mares and stallions, born between 1991 and 2009 were used. On average, 93.1% of animals were inbred, there were 96.55% inbred stallions and 90.70% inbred mares. The mean inbreeding coeffi cient for all horses was 2.3%, for inbred horses it reached 2.5%. There were more inbred mares (39) than stallions (28). All 72 Silesian horses from Książ State Stud were related with the average relationship coeffi cient of 8.5%. The total and effective number of founders were 458 and 163, respectively. The total and effective number of ancestors were 64 and 22, respectively. Among the founding breeds Thoroughbred horses predominated, the next were Oldenburg and Silesian horses, whereas among ancestors there were much more Silesian horses than Thorougbreds. All in all, the genetic diversity of the Silesian horses from Książ National Stud was satisfactory, however its monitoring is required because of both upward inbreeding and 100% related animals. Because the population of Silesian horses is small, less than 2,000 animals and sligtly over 1,000 animals included in conservation programme, the artifi cal subdivision of this population as proposed in the new breeding programme, which would result in creation of 2 subpopulations: old-type and new-type Silesian horses, is not recommended. For maintaining genetic diversity, it could be also possible to carefully import of semen or stallions of similar breeds, i.e. German Alt-Oldenburger horses or German Heavy Warmblood horses. The plan should also include the matings recommended within the population of all available Silesian horses of both types. The authors consider introducing such a program essential. It should be also clearly stated in the plan how large proportion of the Silesian mares population could be each year mated to Thoroughbred stallions. Division into two types implies that some fraction of new-type Silesian horses and their progeny would not be regarded as potential parents of individuals for the conservation programme.
INTRODUCTION
The origin of Silesian horses can be traced back to 19th and the beginning of 20th century. Before that time, Silesian region was not considered as that of highly developed horse breeding. Formation of Silesian horses is closely related to National Studs. The State Stud in Lubiąż was settled in 1817 and moved afterwards to Książ in 1939. The second State Stud was formed in Koźle in 1877 (Lawin 2004a , Tomczyk-Wrona 2014b . Primarily stallions of draft breeds from Belgium, England and France were imported to Koźle, but then breeding was targeted at importation of old-type Oldenburg horses and horses from Ostfriesland (Tomczyk-Wrona 2014b). Lawin (2004a) reports that proportion of those stallions reached 40% of all stallions used in Silesian area in years . Therefore it is believed that those stallions had major impact on creating Silesian horse breed after World War II. After WW II, the majority of the population had gone, especially the most valuable horses and the Ministry of Agriculture issued the decision to settle State Studs in Koźle and Książ. In those places Silesian horses, old-type Oldenburg horses and other stallions were gathered. State Studs with mares were arranged in Strzelce Opolskie (1950) , Wojanów (1951) and Strzegom (1955) (Lawin 2004b) . In next years 20 old--type Oldenburg stallions, which set up breeding lines, some of which still exist today, were imported from Germany and Denmark (Lawin 2004b , Tomczyk--Wrona 2014b . Later on, the aim of the breeding program was to create a multipurpose horse breed. Stallions Diebitsch, Rittmeister, Holdek, Firley and Ulan were chosen as the best, to reach this aim (Walkowicz 2009 , Tomczyk-Wrona 2014b .
Next, an attempt was made to breed Silesian mares to stallions of warmblood breeds such as Thoroughbred or Malopolska. Therefore National Studs bred also purebred Silesian horses called old--type Silesians (Tomczyk-Wrona 2014a, b) . New requirements for horse candidates to entry Silesian horse studbook were published in 1996 and updated in 2014 (Wójcik et al. 2014) . Only Silesian, old-type Oldenburg and Thoroughbred ancestors can occur in a horse pedigree. With this breeding policy the opportunity both to breed the modern warmblood sport horse and to keep and protect the old-type, traditional Silesian coach horse appeared (Cześnik 1999 , Tomczyk--Wrona 2014a .
In 1997 and 1998 National Studs in Strzegom and Strzelce Opolskie were liquidated and most of stud mares were moved to Książ (Rajca-Pisz 2005) . Although Książ National Stud in has been operating since 1947, only since 1997 it has been breeding Silesian horses, as the last national stud, which cooperates with many private breeders. According to the latest breeding program for Silesian horses (Tomczyk-Wrona 2014a , Wójcik et al. 2014 , the main breeding goal is to keep the population in purebred and to protect local breed (old-type Silesian horses). The part of the population can be used to obtain sport horses through crossbreeding to Thoroughbred horses. With this specific purpose, the Silesian horse breed has been divided in two branches with different requirements for a horse to enter the studbook. At present the active population is composed of slightly more than 1,600 mares and about 230-250 stallions, from which about 56% mares are included in the Genetic Resources Conservation Programme (Tomczyk-Wrona 2014a , Wójcik et al. 2014 , which tends to establish two, more or less separated, subpopulations of Silesian horses. Because of the above--mentioned conditions and the relatively small population size, which is still leading to the increase in relationship and inbreeding levels (Walkowicz 2009) and also because of the implementation of the above-mentioned conservation programme for Silesian horses, which termed the Książ National Stud as the valuable breeding center influencing the whole Silesian horse population (Tomczyk-Wrona 2014a , b, Instytut Zootechniki PIB 2017 , the aim of the study was to analyze the state of the art in Silesian horse breeding, basing on the genetic structure of Silesian horses from Książ National Stud assessed from genealogical data, and to try to answer the following question: Is the subdivision of Silesian horse population really necessary in order to prevent that local horse breed? It should be stressed that in the above-mentioned conservation programme (Instytut Zootechniki 2017) it is assumed that the genetic material should be exchanged with the foreign breeders.
MATERIAL AND METHODS
As the material 72 pedigrees of Silesian horses born in 1991-2009, which were qualified as breeding horses in 2013 or earlier, were analyzed. For the pedigrees of Silesian horses obtained in this way the contribution of ancestors actually existing in a horse pedigree, i.e. equivalent of complete generations (ECG), according to Maignel et al. (1996) was calculated.
Based on data from pedigrees of 72 horses classified in the active population, inbreeding coefficients (F X ) were estimated for the whole examined population, for stallions and brood mares, as well as means for all and for inbred animals. The values of mean kinship coefficients (R XY ) were estimated for all pairs of individuals, for pairs within sex (for male and female group separately) and between males and females. The R XY coefficients were computed using the algorithm proposed by Tier (1990) with recursive modification (Gierdziewicz and Kania-Gierdziewicz 2007) . The relationship coefficients obtained by tabular method were transformed into classic relationship coefficients (Kania--Gierdziewicz 2008) .
The total number of founders and ancestors and also the effective number of founders (f e ) and ancestors (f a ) were analyzed for the reference population including 72 horses from Książ National Stud, using Lacy's method (1989, 1995) with modification accounting for "bottleneck effect", made by Boichard et al. (1996 Boichard et al. ( , 1997 . The effective number of founders is always higher than the effective number of ancestors. The bigger the difference, the bigger the "bottleneck effect" leading to the loss of genes (Kania-Gierdziewicz 2006) .
The effective number of founders (f e ) and the effective number of ancestors (f a ) were estimated as follows:
The effective number of founders (Lacy 1989) 
RESULTS AND DISCUSSION

Inbreeding and relationship
The extended pedigrees of 72 Silesian horses had the equivalent of complete generations -ECG ranging from 5.57 to 8.45, with mean value of 7.27. However, the Silesian mares had more complete pedigrees than stallions (Table 1) . On average, over 93% Silesian horses from the examined reference population were inbred. In the examined herd there were more inbred stallions than mares (96.6 vs. 90.7%). In the whole analyzed population Silesian mares were more inbred (over 2.5%), than stallions (almost 1.8%). While mean level of F X for whole reference population reached 2.3%, mean values of inbreeding coefficients for inbred individuals was on average 2.5%. The inbred Silesian mares had higher level of F X , reaching about 3%, while in the inbred group of Silesian stallions the mean F X value did not exceed 2%. Maximum inbreeding value for Silesian stallions was almost three times lower than for Silesian mares (Table 1) . All animals (100%), in the examined population were related, regardless of the comparison applied. The average relationship coefficient in the whole reference population was 8.5%. The highest mean R XY value was between Silesian mares (almost 10%). In the remaining groups (between stallions and between stallions and mares) these values were almost at the same level: 7.7 and 7.8%, respectively. The maximum relationship values were high, exceeding 50% for all groups, but for male-female pairs it could be much more disadvantageous and lead to serious problems in designing mating plans (Table 1) . It should be pointed out that dividing the small Silesian horse population into two smaller subgroups, assumed in Breeding Programme (Wójcik et al. 2014) , will only make the matters worse.
The mean inbreeding coefficients for inbred Silesian stallions and mares from the ancestor group and from the reference population, depending on the year of birth, are illustrated in Figures 1 and 2. In the ancestor group (Fig. 1 ) the mean inbreeding coefficients of stallions oscillated between 2 and 3% in the consecutive birth periods, however those of mares increased rapidly in last birth period (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) , reaching over 7%. The average inbreeding coefficients for examined Silesian horses ( Fig. 2) were slightly lower for stallions (up to 2%) than for older males in all birth periods and for mares they were much lower than in female ancestor group and decreased slightly from over 3% for females born before 2000 year to 2.8% for the youngest mares probably because they had less ancestors of Silesian origin due to occurence of Thoroughbred ancestors (as fathers).
In the group of 67 inbred Silesian horses from the active population most were born in years 2000-2009. Only 12 individuals were born earlier, from 1991 to 1999. In the inbred group 13 individuals had F X smaller than 1%: 7 stallions and 6 mares. Inbreeding coefficient ranging from 1 to 3.5% was found in 39 horses (18 stallions and 21 mares). There were 15 horses with inbreeding coefficients higher than 3.5% (3 stallions and 12 mares). In this group five mares were progeny of one Silesian stallion and two other Silesian stallions had two inbred daughters each. The highest F X in this group, over 12.5%, was that of the Silesian mare born in 2009. 1960 1961-1970 1971-1980 1981-1990 1991-2001 mean Fx birth period mares stallions FIGURE 1. Mean inbreeding coeffi cients (F X ) for mares and stallions from ancestor group
From the 24 sires of the group of inbred Silesian horses only four sires had F X = 0 and five sires near zero and they produced 21 out of 67 inbred animals (over 31%). Three sires had inbreeding coefficients lower than 0.5% and one slightly above this value and all four sired 17 inbred animals (more than 25%). Among those four sires there was one Silesian stallion with 10 inbred progeny. The remaining 11 sires had F X values ranging from 1% to over 4.5% and produced 29 out of 67 inbred animals (over 43%).
The 67 inbred Silesian horses had 46 mothers. Only four of those mothers had F X = 0 and seven near zero and they all gave 18 inbred progeny (about 27%).
Next 12 mares, the mothers of 16 inbred Silesian horses, had inbreeding coefficients from about 0.1% to near 1%, but only three had F X lower than 0.5%. The remaining 23 mothers had F X values between 1% and more than 8% and produced 33 out of 67 inbred horses (over 49%).
Walkowicz (2009) analyzed inbreeding level in the modern population of 849 Silesian horses and obtained F X values slightly lower than in presented study, 1.26 and 2.32% for all and for inbred Silesian horses, respectively, but the maximum value of inbreeding coefficient in their study was higher than for Silesian horses from Książ State Stud (18.35 vs. 12.6%). The percent of inbred animals in their study was also much lower, reaching 54%, because of lack of pedigree information for some horses (Walkowicz 2009). The pedigrees in the presented study were more complete and, consequently, much higher percent of inbred animals was detected. Bokor et al. (2013) investigated the pedigrees of Thoroughbred horses with racing career in Hungary and obtained similar proportion of inbred animals in the population (94.94%) but a higher level of inbreeding coefficient (average 9.58%) compared to the presented study. However, in Bokor's research over 56% horses in the population had F X value higher than 10% compared to only two mares in the examined Silesian horse group. Hungarian Thoroughbred population had also more complete pedigrees than Silesian horses (average ECG = 15.64). In the previous research of Cunningham et al. (2001) the British population of Thoroughbred horses achieved mean inbreeding coefficient value of about 13.9%, which was significantly higher than that of Silesian horses.
The above-mentioned authors (Bokor et al. 2013 ) also estimated average R XY for Thoroughbred horses by generation and the calculated mean exceeded 10% from reference population (generation 0) till 24th generation back. For generations 0-5 (used routinely by breeders) the average relatedness mean values were close or higher than 20%. The authors pointed out that the increase of the inbreeding level began because of lack of importation. In comparison to the presented study about Silesian horses, the results for Hungarian Thoroughbreds were higher, which means that inbreeding for the examined population should not be considered at present as a problem. Zechner et al. (2002) analyzed pedigrees of 565 Lipizzan horses from eight European studs. The inbreeding coefficients ranged from 8.6% to over 14% between studs, whereas the mean inbreeding coefficient for all units reached 10.8%. So the Lipizzan horses were also more inbred than the examined Silesian horses, which lead to decrease in genetic variability in Lipizzan horses. The above mentioned authors found that the population subdivision (male or female lines), in order to preserve gene pool variability, does not necessarily lead to maintenance of such variability. Álvarez at al. (2010) assessed genetic variability in the endangered Mallorquí horse and obtained average F X values of 2.5% for the whole population and 4.7% for the reference population (animals born between 2005 and 2007). The results were slightly higher than for Silesian horses, but were calculated from less complete pedigrees (ECG = 1.8 and ECG = 2.4, respectively) than in our study. The R XY coefficients for Mallorquí horses, over 10% for the whole and over 11% for the reference population, were also higher than those for Silesian horses. Álvarez at al. (2010) found that, in order to prevent gene pool variability of the Mallorquí horses, their breeders should not exclude black horses and, especially, heterozygous chestnut horses from stock population.
Recently Kania-Gierdziewicz et al. (2015) examined the pedigrees of the American Quarter horses and found F X and R XY values almost similar to or slightly lower than those for Silesian horses, whereas the percent of inbred and related Silesian horses were higher than for American Quarter horses. Duru (2017) analyzed pedigrees of 23,668 Turkish Arab horses and found two or four times higher mean inbreeding coefficient values for all and inbred animals and also the maximum F X values, for almost the same percent of inbred horses, than in our study. The R XY values obtained by the above mentioned author were similar to or slightly higher than for Silesian horses. Siderits et al. (2013) investigated pedigrees of 2,364 German Paint Horses and found much lower F X values and also much lower percentage of inbred animals than those for Silesian horses in this study. Pinheiro et al. (2013) analyzed pedigrees of 653 horses of the endangered Sorraia breed and obtained the mean inbreeding coefficient value of about 0.27 and average relatedness of over 0.46, which were much higher than those obtained for Silesian horses. Pjontek et al. (2012) examined genetic variability from pedigrees of four endangered Slovak breeds and obtained mean inbreeding coefficients ranging from over 2.5% for Slovak Sport Ponys to over 6% for Hucul horses. Slovak Lipizzan horses and Shagya Arabians had the mean F X within the above range. All those F X values were higher than in Silesian horses in the present study, but the ECG values obtained for Silesian horses were similar to those from the cited paper. The relationship coefficient values reported by Pjontek et al. (2012) were similar (Hucul horses, Slovak Sport Pony) or slightly smaller (Lipizzan horses, Shagya Arabians) than for Silesian horses. According to those results, the authors expected inversion of inbreeding trend for Hucul horses and Slovak Sport Ponies in the next generations and recommended monitoring of mating. Olsen et al. (2010) analyzed pedigrees of two endangered Norwegian horse breeds and estimated that, for the reference population of 1,535 Døle horses, the mean F X value was 11.8% and for 1,050 Nordland/Lyngen horses -12.8%. The ECG values were 10.5 and 7.2 for Døle and Nordland/Lyngen horses, respectively. The authors found the considerable loss of heterozygosity in Nordland/Lyngen horse breed and slightly higher genetic variance in the Døle breed due to cross-breeding in the past, and recommended, for both breeds, optimal contribution selection without additional cross-breeding.
Bhatnagar et al. (2011) analyzed pedigrees of 1,659 North American Norwegian Fjord horses and obtained higher F X values for much lower percentage of inbred animals than in present study. The authors stated that, even though the inbreeding values for American Norwegian Fjord horses seem to be not very high, the reduction in genetic variability is still possible due to overall small population size. Hasler et al. (2011) examined genetic variability of Franches-Montagnes horse breed and achieved high mean F X value (over 5%) for ECG = 7.8, i.e. similar to that in presented study. Those authors (Hasler et al. 2011 ) also obtained higher relationship coefficients for indigenous Swiss horse breed and emphasized that maintenance of genetic variability within a small, endangered population is possible and could be achieved via mating optimization by using pedigree information (relationship) and also performance data. Sevinga et al. (2004) analyzed inbreeding level and its possible influence on retained placenta in Friesian mares. For Friesian foals born in 1999-2000 the inbreeding coefficient ranged from 15.6 to 15.7%. The authors concluded that the increase of inbreeding level generates problems with retained placenta in mares. Similar fertility problems have been reported by Silesian horse breeders from Książ National Stud (personal communication).
FOUNDERS AND ANCESTORS
The total and effective number of founders and ancestors of the examined Silesian horses are in Table 2 .
For the 72 individuals from the reference population the total number of 458 founders and 64 ancestors were found. The effective number of founders (f e ) was 163, whereas the effective number of ancestors (f a ) was 22 and was Table 2 ). The value of f a /f e (0.35) is strongly below 1 and indicates the presence of the "bottleneck effect", i.e. the downward trend in the level of genetic diversity. Because most mares from Książ National Stud, which is called the Silesian horses breeding center, are considered as the genetic reserve of the Silesian breed, such situation seems to be very harmful to the Stud and also could be troublesome for the whole Silesian horse population. Table 3 shows breed and sex composition of the groups of 458 founders and 64 ancestors. In the group of founders about 60% were mares. Almost 33% of them were Thoroughbreds. The Silesian and Oldenburg female founders constituted about 17 and 16% of all female founders, respectively. Seven other minor breeds were also reported in the group of founder mares with the superiority of the Trakehner breed. In the group of 182 founder stallions, the Thoroughbred horses prevailed as well (over 30% of all male founders). Another most popular breeds in the male founder group were Silesian and Oldenburg breeds, over 16% and more than 22% of all founder stallions, respectively. Also male founders from Trakehner breed (about 4% of all stallions-founders) and three other breeds were shown. However, significant number of founders (over 26%) had missing information about their breed. Most of these horses were born at the beginning of 20th century or even earlier, at the end of 19th century (Table 3 ). The total number of 64 ancestors included about 47% of mares and 53% stallions. The Silesian breed dominated in this group, because almost all female ancestors belonged to this breed and 59% of male ancestors as well. Oldenburg and Thoroughbred stallions were also in the group of male ancestors. Distribution of sex among founders indicates that mares constituted the majority (60% of all founders), whereas the ancestor group was dominated by stallions (53% of all ancestors) - Table 3 .
The Thoroughbred horses were one of the horse breeds that strongly influenced the origin of Silesian breed (founders) but has a little impact on the current Silesian horse population (ancestors), as it has been shown in Table 3 . Thus, creating two subpopulations according to the breeding programme for Silesian horses (2001) obtained, for the reference population of 211 Thoroughbred horses, 158 founders (85 stallions and 73 mares). The value of f e in their work was 28.15. To explain 78% genetic diversity, the joint contribution of 30 founders was needed. Therefore, the British Thoroughbred population was much less varied than the Silesian horses in the present study. In recent research on Thoroughbreds from Hungary Bokor et el. (2013) , found that the total number of founders was 1,062 and the f e reached 42, which was a lower value than for the examined Silesian horses. Noteworthy is that 232 founders (all born before 1793) were responsible for 88.58% of diversity in the reference population gene pool. The total and the effective number of ancestors were 908 and 15.32, respectively. Only six ancestors explained 50% of the genetic diversity of the Hungarian Thoroughbreds, which was slightly lower than in the Silesian horses.
For Lipizzan horses from European studs investigated by Zechner et al. (2002) the f e was on average 48.2 and ranged from over 39 in Piber stud to almost 56 in Fagaras stud, whereas the f a for all studs exceeded 26 with the range from 12.5 for Djakovo stud to 18.8 in Piber and Szilvásvárad studs. Those results were lower than in this study, although they were conducted on greater number of individuals. The authors (Zechner et al. 2002) also found that over 52% of genetic variability of Lipizzan horses originated from so-called baroque horses, which in most cases were of Italian and Spanish origin. Among other founder breeds there were Arabian horses (21% of gene contribution), Lipizzan horses (10%), Frederiksborg horses (8%), Kladruby horses, Thoroughbreds and Shagya Arabians. It was quite similar to the examined Silesian horses, since their founders were also of different breeds, with, however, Thoroughbreds, Silesian and Oldenburg horses predominating. The above-mentioned authors concluded that exchanging stallions between Lipizzan studs according to relationship coefficients calculated from the joint pedigree file should be taken into consideration in mating plans.
The total number of founders for four Slovak horse breeds examined by Pjontek et al. (2012) and the effective number of founders for Hucul horses, Lippizan horses, Shagya Arabians and Slovak Sport Ponys, respectively. Those results were close to or lower than those in the presented study. The authors recommended use for mating stallions with optimal contribution for the genetic management of those Slovak horse breeds.
Recently Kania-Gierdziewicz et al. (2015) , who examined pedigrees of the American Quarter horses, obtained similar values of the f e and f a (121 and 26, respectively) . The number of ancestors explaining 50 and 90% of the genetic pool was found to be 10 and 39 ancestors, respectively, which was slightly more than in the presented study. Duru (2017) analyzed Turkish Arab horse population and, for reference population of 14,838 animals, obtained the f e and f a values of 40 and 22, respectively. Those values were similar to our findings, but they were calculated for a much bigger population and indicated that Turkish Arab population had lower genetic diversity than the examined Silesian horses.
In the work of Siderits et al. (2013) , for German Paint Horse population, much higher f e and f a values (from two to 10 times higher) were found than in Silesian horses. The authors concluded that the genetic variability of the German Paint Horse population was kept at a satisfactory high level. Pinheiro et al. (2013) found for endangered Sorraia horse population very low values of f e and f a (7.46 and 4, respectively). Additionally, only 2 ancestors explaining 50% of the Sorraia breed gene pool. The authors concluded that Sorraia horse breed is still in the brink of extinction and required the introduction of an efficient conservation plan. Bhatnagar et al. (2011) , for f e and f a in North American Norwegian Fjord horses found the values of 96 and 30, respectively. The authors pointed out that the effective number of founders and ancestors and also the f a /f e were low, thus the reduction of the genetic variability is possible. Teengen et al. (2009) examined the contribution of other breeds to the recent Trakehner horse population and found that over 22% of genes came from Thoroughbred horses and almost 12% of gene pool originated from Anglo-Arabian horses. The authors found also increasing rate of inbreeding and relationship in the examined Trakehner population and recommended bettering of monitoring system. Hamann and Distl (2008) calculated the effective number of founders (f e ) and ancestors (f a ) for Hanoverian horses, which were higher than in present study. They also examined the average contribution of various breeds to the genetic pool of Hanoverian horses and found that the breeds with the highest contribution (except Hanoverians with 49.1%) were Thoroughbred horses (34.8%), and then Trakehner horses (7.9%), Arabians, Holsteiner warmblood horses and Oldenburg horses. The above mentioned authors found the large random loss of founder alleles due to the fact that only 15 stallions (from famous sire lines) had about 35% of gene contribution to examined breed. Olsen et al. (2010) examined genetic variation in two native Norwegian horse breeds and found that in Døle breed the most influenced ancestor (stallion) had the gene contribution about 22% and in Nordland/Lyngen population the top ancestor (stallion) had the contribution value over 26%. The authors suggested that in both populations the loss of genetic diversity appeared because of low number of animals and high level of relationship and inbreeding. Toro et al. (2011) summarized the findings about the different ways to measure of genetic diversity is small livestock populations in order to conserve animal genetic resources. They concluded that the maintenance of genetic variability is the most important in all cases, but the most useful tools for measuring genetic variability could be the rate of inbreeding and coancestry or even the effective population size, all basing on pedigree information. On the other hand the effective population size would be useful for indicating changes in longer time periods, and the effective number of founders and ancestors -for estimating recent changes in gene pool taking place as a result of current breeding decisions (Kania-Gierdziewicz 2006) .
CONCLUSIONS
Summing up all the above results, genetic variability of Silesian horses from Książ National Stud is still on the satisfactory level, which was confirmed by high values of the effective number of founders and relatively small values of individual contributions of founders and ancestors in the genetic pool in comparison to the small number of examined horses. However, the relatively low value of the effective number of ancestors and the fact that 100% individuals were related to each other and 90% individuals were inbred in the Książ National Stud, which is treated as a breeding center for Silesian horses, suggest that now the downward tendency in genetic variability exists. Because the whole population of Silesian horses is very limited in size -in general less than 2,000 animals and slightly above 1,000 individuals included in the conservation programme (Tomczyk-Wrona 2017), which may be insufficient to maintain genetic diversity, artifical subdivision of this population, as it is proposed in the new breeding programme, which would result in creation of two subpopulations: old-type and new-type Silesian horses, is not recommended. We suggest one thing that certainly could be necessary -namely, introducing different ways for breeding value estimation for the two types of Silesian horses depending on their kind of use, but without subdividing the whole population, and also more clarification of the Herdbook requirements, which should be written clearly in the newly introduced breeding programme (Wójcik et al. 2014) . Specifying the old-type Silesian horse as having less Thoroughbred ancestors in the pedigree (up to two ancestors only in the third generation back) for mares and with less restrictive conditions for stallions and the new-type Silesian horse with more Thoroughbred ancestors (in some cases it could be one-half Silesian and one-half Thoroughbred) seems to be highly insufficient, because in the latter case the generations, in which those ancestors occur are also very important. In our opinion, for maintaining genetic diversity of Silesian horses, it could be also possible to introduce a well thought-out importation of semen or stallions of similar breeds, i.e. German Alt-Oldenburger horses or German Heavy Warmblood horses (last year one of the stallions of the latter breed was mated to the mares from the Książ National Stud), because these breeds have to some extent the same ancestors as the Silesian horses. The plan should include, as suggestions for the breeders, the matings recommended within the population of all available Silesian horses regardless of their type -old or new. It should be also clearly stated in the plan how large proportion of the Silesian mares population could be each year mated to Thoroughbred stallions. Division into two such types implies that some fraction of new-type Silesian horses and their progeny would not be regarded as potential parents of individuals that would fulfill the conditions for the conservation programme. Yet such a possibility would allow some Silesian horses of the new-type, especially those with more than 75% Silesian breed contribution, to serve as a sort of the initial group in the conservation programme. Mating them to old-type Silesian horses would give, in the next one or two generations, the progeny eligible to enter the main conservation programme, broadening therefore the gene pool of the Silesian breed. The authors consider introducing such a program essential. Analogous solutions, concerning various livestock breeds for which procedures of protection have been initiated because of small population size and low genetic variability, appear frequently in literature (Olsen et al. 2010 , Bhatnagar et al. 2011 , Pinheiro et al. 2013 ). The point is not to give up protecting or improvement of the breed but to gain control of what is happening to the population as a whole and to direct breeders' efforts not only towards advantages for the breeders themselves but, primarily, towards the preservation of the breed. Such a procedure could facilliate the management of the whole Silesian horse breed and should be profitable for breeders and also beneficial for breed resources protection.
Streszczenie: Analiza struktury genetycznej populacji koni śląskich ze Stada Ogierów Książ. Celem pracy była analiza struktury genetycznej koni rasy śląskiej hodowanych w Stadzie Ogierów Książ na podstawie danych rodowodowych oraz wypracowanie odpowiedzi na pytanie, czy słusz-ny jest założony w programie hodowlanym koni rasy śląskiej podział na stary i nowy typ konia śląskiego z osobnymi wymogami dotyczącymi wpisu do ksiąg. Materiałem badawczym była grupa 72 koni rodowodowych, zakwalifikowanych jako hodowlane (populacja aktywna). Populację referencyjną do analiz stanowiły 72 konie należące do populacji aktywnej urodzone w latach 1991-2009. Udział osobników zinbredowanych w populacji aktywnej wynosił 93,1%, przy czym więcej było zinbredowanych ogierów niż klaczy. Średnie zinbredowanie dla wszystkich koni wynosiło 2,3%, a w grupie koni zinbredowanych było równe 2,5%. Bardziej zinbredowane były klacze
